] A Publication
Organlc of Reliable Methods

for the Preparation

Syntheses of Organic Compounds

Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;  the  full  text  can be  accessed free  of charge @ at
http://www.nap.edu/catalog.php?record id=12654).  All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.

These paragraphs were added in September 2014. The statements above do not supersede any specific
hazard caution notes and safety instructions included in the procedure.
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3-(4-CHLOROPHENYL)-5-(4-METHOXYPHENYL)ISOXAZOLE

[Isoxazole, 3-(4-chlorophenyl)-5-(4-methoxyphenyl)-]
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1. Procedure

Caution! This preparation should be carried out in an efficient hood.

A 2-1., three-necked, round-bottomed flask equipped with a magnetic stirring bar, a nitrogen-inlet
tube, and a 250-ml. pressure-equalizing dropping funnel attached to a calcium chloride tube is charged
with 16.96 g. (0.1000 mole) of 4-chloroacetophenone oxime (Note 1) and 500 ml. of anhydrous
tetrahydrofuran (Note 2). The flask is stoppered (Note 3) and cooled in an ice-water bath (Note 4). In
the dropping funnel is placed 140 ml. (0.22 mole) of 1.6 M n-butyllithium in hexane (Note 5), which is
rapidly added dropwise to the stirred solution over a 12—15-minute period. The solution is stirred for 30
minutes after the addition is complete, and the addition funnel is replaced by a clean one (125-ml.
capacity), fitted with a calcium chloride drying tube (Note 6). Cooling is continued, a solution of 8.31 g.
(0.0501 mole) of methyl anisate (Note 7) and (Note &) in 100 ml. of anhydrous tetrahydrofuran is added
to the stirred mixture over a 6—10-minute period, and the resulting mixture is stirred for an additional 30
minutes (Note 9). At the end of this period, 300 ml. of 3 N hydrochloric acid is added. The nitrogen-
inlet tube is removed and replaced by a reflux condenser, and the dropping funnel is replaced by a
ground-glass stopper. The ice bath is removed, and the mixture is heated under reflux for 1 hour. The
flask is then cooled, and its contents are poured into a 2-1. Erlenmeyer flask, and solid sodium hydrogen
carbonate is added to the mixture until neutralization is complete (Note 10).

The resulting mixture consists of an organic phase and a lower aqueous phase containing a small
amount of insoluble material. The mixture is transferred to a 2-1. separatory funnel and the phases are
separated. The aqueous phase is extracted with 100 ml. of tetrahydrofuran, which is combined with the
original organic phase and concentrated to dryness on a rotary evaporator. Approximately 150 ml. of
xylene is added to the flask and the contents of the flask are heated to reflux to remove any water
present as the azeotrope. The resulting hot solution is filtered rapidly through a large Biichner funnel
with light suction. The volume is reduced to approximately 100 ml., and the solution is cooled in an ice
bath. The tan crystals which separate are collected in a Biichner funnel and washed with 10 ml. of ice-
cold xylene. The crude product is recrystallized from 150 ml. of xylene (Note 11), yielding, after drying,
7.4-7.6 g. (52-53%) of 3-(4-chlorophenyl)-5-(4-methoxyphenyl)isoxazole, m.p. 175-176° (Note 12).



2. Notes

1. 4-Chloroacetophenone oxime was prepared by a modification of the method described by Shriner,
Fuson, and Curtin.* A mixture of 100 g. (0.647 mole) of reagent grade 4-chloroacetophenone, 300 ml. of
water, 200 ml. of aqueous 10% sodium hydroxide, 50 g. (0.72 mole) of hydroxylamine hydrochloride,
and 500 ml. of ethanol is heated at reflux in a 2-1., round-bottomed flask for 2 hours. The crystals that
separate on cooling in an ice bath are recovered by filtration and air dried. The product is added to
approximately 1 L. of hexane, and the mixture is heated to reflux to remove any remaining water as the
azeotrope. The resulting solution is cooled, yielding 70—74 g. (64—68%) of 4-chloroacetophenone oxime
as white crystals, m.p. 96-97°.

2. Tetrahydrofuran was obtained from E. 1. du Pont de Nemours and Company and distilled from
lithium aluminum hydride or sodium-benzophenone immediately before use. The submitters used
reagent grade tetrahydrofuran available from Matheson, Coleman and Bell.

3. Ground-glass stoppers proved most convenient.

4. The initial reaction of n-butyllithium (or lithium diisopropylamide) with the oxime is exothermic, and
if the bath is not used, a slightly lower yield of colored product is obtained.

5. The concentration of the n-butyllithium obtained from Foote Mineral Company is generally close to
the 1.6 M as quoted. An exact measurement of the volume (hypodermic syringe recommended) is not
necessary, but a slight excess above the stoichiometrically required amount (0.20 mole) is needed. The
submitters used #n-butyllithium available from Lithium Corporation of America, Inc. A recent
modification utilizes lithium diisopropylamide (0.33 mole) instead of n-butyllithium (0.22 mole).> A
0.33-mole sample of n-butyllithium is cooled to 0° and blanketed with nitrogen. To this base is added
0.33 mole of diisopropylamine dissolved in 150 ml. of tetrahydrofuran.

6. The purpose of the exchange is to provide a clean funnel for the addition of the ester solution. If the
funnel is not changed, the yield is slightly lower. When lithium diisopropylamide is used the ratio of the
reagents is 2 oxime: 6 base: 2 ester.

7. The ratio of the reagents is 2 oxime:4 base: 1 ester and is consistent with similar procedures used for
a modified Claisen condensation.® The yield is based on the ester. When a ratio of reagents of 1 oxime:
2 base: 1 ester was used, a yield of 21% based on the ester was obtained.

8. Methyl anisate was obtained from Eastman Organic Chemicals.

9. At least 30 minutes is required for an optimum yield of the isoxazole.

10. Care should be taken to add the sodium hydrogen carbonate in small amounts initially, in order to
avoid excessive frothing. The mixture was tested with pH paper to establish complete neutralization.

11. The product can also be recrystallized from ethanol, but a substantially larger volume of solvent is
required.

12. The product has the following spectral properties; IR (KBr) cm.™!: 3103 and 3006 (aromatic C-H),
2955, 2925, and 2830 (aliphatic C-H stretching), 1257 and 1032 (aromatic methyl ether), 841 and 812
(C-H out-of-plane bending of isoxazole C,-/ and 4-substituted phenyl); '"H NMR (trifluoroacetic acid),
& (multiplicity, number of protons, assignment): 3.98 (s, 3H, OCH,), 7.00-7.27 (m, 1H, isoxazole C,-H,
and 2H, aryl H), and 7.42-7.97 (m, 6H, aryl H).

3. Discussion

This procedure has several advantages over previous methods. It provides a simple, direct route to
unsymmetrically substituted isoxazoles in which the location of substituents is unequivocal. The method
uses readily available starting materials and can be used for the synthesis of a variety of substituted
isoxazoles in which the substituents are stable to n-butyllithium. Examples of products synthesized by
this method’ are given in Table L.

TABLE 1
ISOXAZOLES DERIVED FROM OXIMES’

R2

Ry —(x:,n )



R, R, Yield*(%)
:—-,|—_ CsHs
CH;- CH;- CaHs N o
59

——_)-ocH

CH-  4-CHOCH,- O 0

51
O

C,H.- 4-CIC H,- ()0

9
4-CIC H,- C,H.- {*l

5

M
b

5
6

O
4-CH,OCH,-  4-CICH, H,CO Q 0

66

“Yield obtained using ~.2.25 M n-butyllithium reagent.
©100% yield obtained using lithium diisopropylamide reagent.

3-(4-Chlorophenyl)-5-(4-methoxyphenyl)isoxazole has been prepared from the dilithio derivative of
4-chloroacetophenone oxime by three other methods: (a) reaction with anisonitrile (4-
methoxybenzonitrile) followed by acid-catalyzed cyclization,® (b) reaction with N, N-dimethylbenzamide
followed by acid-catalyzed cyclization,” and (c) condensation of the dilithio intermediate, prepared in an
excess of lithium diisopropylamide, with methyl 4-methoxybenzoate, followed by acid-catalyzed
cyclization.® The condensation of dilithio6xime with aroyl chlorides, followed by acid-catalyzed
cyclization, could result in 4-acylisoxazoles.!°

The use of dilithio reagents for the preparation of heterocyclic systems has been extended to the
synthesis of 2-isoxazolin-5-ones'' by carboxylation of a dilithioxime, followed by cyclization, and the
synthesis of pyrazoles from dilithiophenylhydrazones and trilithiothiohydrazones.'>'3 If the
dilithiophenylhydrazones are formed in an excess of lithium diisopropylamide, they can be treated with
diethyl carbonate, followed by cyclization to give 2-pyrazolin-5-ones.'* Dilithiooximes formed in an
excess of lithium diisopropylamide can be condensed with electrophilic-nucleophilic reagents such as
methyl anthranilate.'s
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
4-chloroacetophenone oxime
4-chloroacetophenone
sodium-benzophenone
ethanol (64-17-5)
hydrochloric acid (7647-01-0)
sodium hydroxide (1310-73-2)
sodium hydrogen carbonate (144-55-8)
nitrogen (7727-37-9)
xylene (106-42-3)
Hydroxylamine hydrochloride (5470-11-1)
n-butyllithium (109-72-8)
Tetrahydrofuran (109-99-9)
diethyl carbonate (105-58-8)
lithium aluminum hydride (16853-85-3)

hexane (110-54-3)



methyl anthranilate (134-20-3)

methyl anisate,
methyl 4-methoxybenzoate (121-98-2)

lithium diisopropylamide (4111-54-0)
diisopropylamine (108-18-9)

3-(4-Chlorophenyl)-5-(4-methoxyphenyl)isoxazole,
Isoxazole, 3-(4-chlorophenyl)-5-(4-methoxyphenyl)- (24097-19-6)

isoxazole (288-14-2)

anisonitrile,
4-methoxybenzonitrile (874-90-8)

N,N-dimethylbenzamide (611-74-5)
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